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SPIN TESTS OF A 0.059 -SC ALE MODEL OF THE 
CTJRTISS -WRIGHT XP-55 AIRPLANE 
By George F. MacDougall, Jr. and Leslie E. Schneiter 


SUMMARY 


Spin tests have been performed in the Langley 20-foot 
free-spinning tunnel on a G. 059 *scale model of the 
Curtiss -Wright XP-55 airplane. For the tests, the model 
was modified as recommended by the NACA to improve the 
longitudinal-trim characteristics by installing a large 
elevator with increased deflections and large wing tips 
v/ith extensions to the wing-tip trimmers. 

The dpins were oscillatory in pitch and roil at a 
large average angle of attack and reversal of the rudders 
fully and rapidly stopped the rotation. After the rotation 
stopped, the model nosed down into a dive when the stick 
was forward or free longitudinally for erect spins and 
when the stick was back or free longitudinally for inverted 
spins . 


INTRODUCTION 


As requested by the Air Technical Service Command, 

Army Air Forces, a 0.059 -sca l e model of the XP-55 air- 
plane was tested in the Langley 15 -foot free-spinning 
tunnel to determine modifications in airplane design which 
would prevent the airplane from trimming at flat attitudes. 
The XP-55 is a low-wing, canard-type, pusher airplane 
with a large amount of sweepback in the wing. The pos- 
sibility of attaining trim at either large negative or 
large positive angles of attack with this airplane was 
previously indicated by spin tests of a model of the 
Curtiss -Wright 21+-3 airplane - a light-weight, full-scale, 
flying mock-up of the XP-55 airplane. Tho model of 
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the XP-55 was modified to include modifications which 
prevented trim at flat attitudes as determined by the 
longitudinal- trim tests and as recommended in reference 1, 
and was then tested in the Langley 20-foot free-spinning 
tunnel to determine whether the modified model had satis- 
factory spin and recovery characteristics. The results of 
the spin tests are presented herein. 

The erect-spin characteristics of the model in the 
clean condition were determined for the normal loading 
and for various loading conditions. The effects of 
extending the flaps and landing gear both individually 
and together were investigated for the normal loading. 

The inverted-spin characteristics of the model were 
determined for the clean condition, normal loading. Tests 
were also performed for the clean condition, normal 
loading, to determine the effect on the spin and recovery 
characteristics of linking the extensions of the wing- 
tip trimmers with the elevator, rudders, or ailerons. 


SYMBOLS 


b 


wing span, feet 


S 


wing area, square feet 


c 


wing or elevator chord 


c 


mean aerodynamic chord, feet 



ratio of distance of center of 
rearward of leading edge of 
aerodynamic chord to mean a 
chord 


gravity 
me an 

erodynamic 


z/c 


ratio of distance between center of gravity 
and fuselage reference line to mean 
aerodynamic chord (positive when center 
of gravity is below fuselage reference 
line ) 


m 


mass of airplane, slugs 
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m 

V- = pSb 
IX, X Z 

*X - % 
mb* 

Jy - iz 

mb 2 

% - 

mb 2 


P 

a 


0 


V 


Q 


a 


P 


relative density of airplane 

moments of inertia about X, Y, and 

Z body axes, respectively, slug-feet 2 

inertia yawing -moment parameter 


inertia rolling -moment parameter 
inertia pitching-moment .parameter 


air density, slug per cubic foot 

angle between fuselage reference line and 
vertical (approximately equal to absolut 
value of angle of attack at plane of 
symmetry) , degrees 

angle between span axis and horizontal, 
degrees 

full-scale true rate of descent, feet per 
second 

full-scale angular velocity about spin 
axis, revolutions per second 

helix angle, angle between flight path 
and vertical, degrees (?or this model, 
the average absolute value of the helix 
angle was approximately 3° . ) 

approximate angle of sideslip at center of 
gravity, degrees (Sideslip is inward 
when inner wing is down by an amount 
greater than the helix angle.) 


APPARATUS AND METHODS 
Model 


The 0.059-scale model of the XP-55 airplane modified 
as a result of the longitudinal- trim bests reported in 
reference 1 was used for the spin tests. A three-view 
drawing of the model as tested is shown as figure 1. The 
modifications to the model were as follows; 
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(a) Removal of the leading-edge wing-root snoilers 

(fig. 2) . 

(b) Removal of the original (small) elevator and 

installation of the alternate (large) elevator 
(fig. 3) . 

(c) Increase in the elevator deflection from trailing 

edge 17° down and 60° up to trailing edge GCT 
down and 60° up. 

( d) Removal of the original ( small) wing tips and 

installation of the alternate (large) wing 
tips (fig. 4) . 

(e) Installation of 5/8-inch (model-scale) extensions 

of the wing- tip trimmers (fig. 5) . 

Photographs of the original model (small elevator, small 
wing "tips, and without the extensions of the wing- tip 
trimmers) in the clean and landing conditions are shown 
in figure 6. 

The dimensional characteristics of the airplane with 
t?oe original and with the alternate elevator, and with 
the original and with the alternate wing tips are given 
in table I. 

The model was ballasted to maintain dynamic similarity 
to the airplane at an altitude of 10,000 feet (p - C. 001756 
slug per cubic foot) . When the landing gear and split 
flaps were installed, small ballast weights were moved to 
new locations so that the mass distribution of the model 
would represent the mass distribution of the airplane in 
the landing condition. A remote-control mechanism was 
installed In the model to actuate the controls for recovery 
attempts. The moments exerted on the control surfaces 
were sufficient to reverse the controls fully and rapidly. 
The propeller was not simulated on the XP-55 model inasmuch 
as tests with a model of the Curt is s-Wright 24-B airplane 
showed that a freely rotating propeller would have little 
effect on the spin characteristics of the model. 

The elevator was mass-balanced when the tests were 
started. Because of the difficulty of testing the model 
with the mass-balance weights installed and because the 
results obtained from preliminary tests with and. without 
mass-balance weights installed were similar, the mass 
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weights were removed early in the test program. The main 
portion of the tests were therefore performed without 
mass balance on the elevator. 


Wind Tunnel and Testing Technique 

The tests were performed in the Langley 20-foot free- 
spinning tunnel, the operation of which is generally 
similar to that described in reference 2 for the 15-foot 
free -spinning tunnel except that the model- launching 
technique has been changed from launching with a spindle 
to launching by hand with spinning rotation. Methods 
of obtaining spin-test data and of converting these data 
to the corresponding full-scale values presented on the 
charts are also described in reference 2. 

Spin- tunnel tests were performed to determine t’ e 
spin and recovery characteristics of the model for t?oe 
normal control configuration for spinning ( sticlr full back 
longitudinally and neutral laterally, and rudders full with 
the spin) and for various other stick deflection combi- 
nations including neutral and. maximum deflections of the 
stick for various model loadings and fi urations. The 
turns for recovery were measured from the time the controls 
are moved to the tine the spin rotation ceases; based 
primarily on the loss of altitude of the airplane during 
the recovery and subsequent dive, the criterion for a 
satisfactory recovery from a spin for the model has been 
adopted as 2 turns or less. The path followed by the 
fuselage reference line after the rotation ceased is also 
shown on the charts. For the conditions in which the model 
stopped spinning without control movement when launched in 
a spinning attitude with the rudders set with the rotation, 
the motion of the model after the spin rotation stopped 
is described and the results are recorded on the chart as 
"ho spin." 

Tests were also performed to determine the effect 
of linking the extensions of the wing-tip trimmers with 
the ailerons, elevator, or rudder. Inasmuch as the ailerons 
or elevator were not moved (except for elevator-free tests) 
during any individual test, the extensions were not 
actually linked with the ailerons or with the elevator but 
were fixed at neutral, up, or down depending upon the 
deflection of the ailerons or elevator. No arrangement 
was made for tests with a free elevator linked with free 
extensions of the wing-tip trimmers. The extensions were 
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linked with the rudders, however, and moved with them when 
they were reversed for recovery . 


PRECISION 


The results presented were measured within the fol- 
1 owing limits: 



V, percent 
D, percent 


Turns 


f 


or recover 


7 \ 


when obtained from motion- 
picture record, turn . . . 

when obtained from visual 
estimate, turn ...... 


±1 

±1 

±5 

±3 



Many of the spins had rapid oscillations of large 
magnitude in pitch and roll. Inasmuch as the spin- 
tunnel records permit ready measurement of the angles 
of attack and bank for only every half revolution, it 
appears probable that the magnitude of the oscillations 
in' pitch and roll during the spin mav have been somewhat 
larger than that indicated on the charts. 

Comparison between the spin results of models and 
airplanes {references 2 and 3 ) indicates that spin- tunnel 
results are not always in complete agreement with airplane 
spin results. In eneral, the models spun at a somewhat 
smaller angle of attack, with a somewhat higher rate of 
descent, and with 5° to 10° more outward sideslip than did 
the airplanes. The comparison made in reference 3 showed 
that 8C percent of the model recovery tests predicted 
satisfactorily the corresponding airplane recovery char- 
acteristics and that 10 percent overestimated and 10 percent 
underestimated the air piano recovery characteristics. 


Because of 
spin tests, the 
varied from the 
limits : 


inadvertent damage to the med ol during the 
we i rht and mass distribution of the model 
true scaled-down values within the following 
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Weight, percent . 0 low, 2 high 

Center-of -gravity location, percent c . . . 0 forward to 

2 rearward 

{ of normal 
Iy, percent ........... 2 low, 33 high 

Iy, percent ........... 1 low, 11 high 

Ig, percent .......... 1 high, 23 high 

The limits of accuracy of the measurements of the 
mass characteristics were as follows? 

Weight, percent ................... ±1 

Cent er-of -gravity location, percent c . il 

IX, percent*') 

Iy, percent V . . . . . ....±5 

l'Z, percent J 

The controls were set with an accurac" of - 1° . 


TEST CONDITIONS 


Spin tests were performed for the conditions of the 


model listed in table I! 


The /aluss of the corresponding 


mass characteristics and of the inertia, parameters for the 
model as tested are presented in table III. The mass 
characteristics and erti p n rs for the normal loading 

and the maximum possible loadin' chan' es from the normal 
loading on the airplane are shown in table IV. In addition, 
the inertia parameters for both the model and airplane have 
been plotted on figure 7. 

The marl mum control deflections used for the spin 
tests were: 


Right rudder, degrees ......... 40 right, 11 left 

Left rudder, degrees ......... 11 right, 40 left 

Elevator, degrees 60 up, 60 down 

Elevator tab, degrees ...... 25 down when elevator 

was 60 up 

0 hen elevator was 0 
25 up when elevator 
was 60 down 
0 when elevator was 


free . 
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Ailerons, degrees 

'.Then f le.ps were neutral 28 up 8 down 

When Haps were 45° down ......... 38 up, 1 up 

Flaps, decrees 45 down 

Wing-tip trimmers, degrees ..... 0 


Extensions of wing-tip trimrer CT , degrees 

"hen Inked with the ailerons . . 23 up when adjacent 

aileron was 28 up 
9 down when adl .cent 
aileron was S down 
hen linked ,r itb the elevator . . . both 3C down when 

elevator was 60 
up 

both 0 './hen el era ter 
was 0 

both 30 up when 
elevator wa s 60 
down 

then linked with the rudders 
Extension of right wing- 

tip tr inner ....... 40 up "hen right rudder 

was 40 right 
11 down when right 
rudder was 11 left 

Extension of left wing- 

tip trimmer ....... 11 down when left rudder 

was 11 right 
40 up when left rudder 
was 40 left 

The elevator on the airplane is connected with the 
stick in such a manner that the trailing edge of the 
elevator moves up when the stick' moves forward. This 
elevator movement with stick movement is opposite to that 
for conventional airplanes. The stick movement to climb 
or dive, however, is the sane as that for conventional 
airplanes, that is, the stick is pushed forward to dive and 
is pulled rearward to climb. Although there was no stick 
in the model, elevator deflections and movements are 
generally referred to herein in terms of stick location 
and movement in order to avoid confusion. 

Variations in mass distribution ana center-of -gravity 
location were made for the clean 'condition (landinc gear 
retracted and flaps neutral) , in order to allow for the 
limits of accuracy of the computed airplane and model values 
and also to allow" for a possible rearrangement of loading 
that might lead to a spinninv condition from which recovery 
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might be slower than for the normal loading. In an 
attempt to show only the effect of a single change at one 
time, the weight and center-of-gravity location of the 
model were held approximately constant when the mass 
distribution of the model was changed. Similarly, the 
weight and mass distribution of the model around' the 
normal center-of-gravity location were held approxi- 
mately constant when the center-of-gravity location was 
changed. 

Tests were performed only for the normal loading when 
the model was in the landing condition (flaps deflected 
45° down, ailerons deflected 10° up for trim, and tricycle 
landing gear installed) . 


RESULTS AND DISCUSSION 


A key to the results presented and a list of the 
footnotes used on the subsequent charts are given on 
chart 1. The results of the spin tests are presented on 
charts 2 to 9. The model data are presented in terms of 
full-scale values for the airplane at a test altitude 
of 10,000 feet. Both right and left erect spins were 
tested for the normal loading, clean condition, and showed 
that the model was slightly asymmetric in that spins to 
the pilot’s right were flatter and had more rapid rates 
of rotation, somewhat slower recoveries, and less tendency 
to nose down rapidly into a dive after the spin rotation 
stopped than spins to the pilot's left for corresponding 
control configurations. The remainder of the tests with 
the model erect were, therefore, performed with spins to 
the pilot's right in order to obtain conservative results. 
The tests with the model inverted were performed with 
spins to both the pilot's right and left. 


Clean Condition 

Normal loading .- The test results for erect spins of 
the model in the clean condition to both the pilot’s 
right and left are presented on chart 2. This condition 
is represented by loading 1 on table III and point 1 on 
figure 7. The results show the same general effect of 
control deflections for both directions of spin. The 
discussion is arbitrarily based on the slightly conserva- 
tive results obtained from spins to the pilot's right. 
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The spins were generally flat with oscillations of 
rather large magnitude in both pitch and roll for all 
aileron deflections when the stick was back or neutral 
longitudinally, the spins with ailerons deflected against 
the spin (stick left in a right spin) being violently 
oscillatory. A portion of a ruction-picture record of a 
typical oscillatory spin with the stick back is shown in 
figure 8. Although rapid full rudder reversal satis- 
factorily stopped the rotation for all spins, the model 
always remained horizontal thereafter indicating nearly 
vertical descent at an extremely flat attitude. 

The spins with the stick full forward or free longi- 
tudinally (the stick floated at or near the full forward 
stop) and the ailerons neutral or with the spin were 
generally similar to those obtained when the stick was 
neutral or back longitudinally. When the rudders were 
reversed with the stick forward or free .Longitudinally, 
however, the model stooped rotating and nosed down into a 
steep dive either immediately thereafter or after a short 
glide at a flat attitude. 

When the model was launched in the tunnel with the 
ailerons against the spin and the stick free or forward 
longitudinally, the amplitude and violence of the oscilla- 
tions in pitch and roll progressively increased until the 
model pitched and/or ro_led from an erect to an inverted 
attitude. The oscillations and the pitching and/or 
rolling from erect to inverted and from inverted to erect 
attitudes continued until the model hit the safety net. 

A portion of a motion-picture record of a typical motion 
of the model after launching into the tunnel with ailerons 
deflected against the spin and the stick free or forward 
longitudinally is shown in figure 9* It was noted irom 
the motion-picture records of the tests that high accel- 
erations were frequently encountered during these violent, 
oscillations. Inasmuch as a similar motion of the airplane 
would be confusing to the pilot as well as severe enough 
to injure him or to cause damage to the airplane structure, 
it is recommended that aileron-against deflections be 
avoided on the airplane. 

The results of the erect spin tests were generally 
consistent with results of the longitudinal-trim tests 
presented in reference I in that when the stick was fixed 
at back or neutral longitudinally, the model remained at 
a flat attitude after rudder reversal stopped the rotation 
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and that when the stick was forward or free longitudinally, 
the model nosed over into a steep dive either immediately 
after the spin rotation stopped or after a short glide 
at a flat attitude. In this connection, recoveries were 
occasionally attempted 'when the model was close to the 
safety net and the model then glided into the safetj* net 
before having had an opportunity to nose down into' a dive. 
The results of these tests are the apparently inconsistent 
results presented on the charts which indicate that the 
model did not nose down into a steep dive after rudder 
reversal when the stick was forward or free longitudinally. 
It is believed, however, that the model would always have 
nosed down into a dive after the rotation stopped when the 
stick was forward or free longitudinally had sufficient 
space been available in the tunnel. 

Mass variations .- Test results for erect spins of the 
model in the clear, condition with the mass distribution 
increased along the wings ( Ty and Tz increased approxi- 
mately 60 percent of lx) and with the mass distribution 
decreased along the fuselage (ly and Ig decreased approxi- 
mately 20 percent of ly) are presented on chart 3. These 
conditions are represented by loadings 2 and 3, respec- 
tively, on table III and figure 7. The spin character- 
istics of the model were not appreciably affected by 
either change in mass distribution. The tendency of the 
model to dive immediately after reversal of the rudders 
stopped the spin rotation, however, was increased when 
the mass distribution was decreased along the fuselage 
and the stick was forward or free longitudinally. The 
increased rapidity with which the model nosed down after 
rudder reversal stopped the spin rotation when mass was 
retracted along the fuselage may be attributed to the 
reduced inertia moment that it was necessary for the aero- 
dynamic pitching moment to overcome before the model went 
into a dive . 


Center-of-gravity variations .- The effects of varia- 
tion s~TnTIIe - lirenTei^ for erect spins 

in the clean condition are shown on chart 4. When the 
stick was forward or free longitudinal 'y, moving the center 
of gravity forward 7 percent of the mean aerodynamic chord 
from the normal location (loading 4 on table III and 
point 4 on fig. 7) 1 increased the rapidity with which the . 
model nosed down into a dive after rudder reversal stopped 
the spin rotation; v. r hereas, moving the center of gravity 
rearward approximately 8 percent of the mean aerodynamic 
chord- from the normal location (loading 5 on table III 


12 


MR No. L5G31a 


and point 5 on fig. 7) decreased the tendency of the 
model to dive. These results are generally consistent 
with the results of the longitudinal- trim tests presented 
in reference 1. 

Extensions of the wing-tip trimmers linked with the 
controls . - Charts 5 and 6 show the effects of linking the 
extensions of the wing-tip trimmers with the elevator, 
rudders, or ailerons for erect spins of the model in the 
clean condition, normal loading. Both the magnitude and 
the violence of the oscillations in pitch and roll were 
increased somewhat when the extensions of the wing-tip 
trimmers were linked with the elevator. When the stick 
was full forward, however, the model nosed down into a dive 
more rapidly after the spin rotation stopped than when the 
extensions of- the wing-tip trimmers were maintained at 
neutral . 

Linking the extensions of the wing-tip trimmers with 
the rudders decreased the tendency of the model to spin, 
but also decreased the tendency of the model to nose down 
when the stick was forward or free longitudinally. 

The spin characteristics of the model were not 
appreciably affected when the extensions of the wing- . 
tip trimmers were linked with the ailerons, but when the 
stick was forward or free longitudinally, the model would 
not nose down after the spin rotation had been stopped. 

An analysis of the results of the tests with the 
extensions of the wing-tip trimmers linked with the controls 
indicated that the increased diving tendency obtained for 
stick-forward positions when the extensions were linked 
with the elevator can be attributed to the negative 
pitching moment contributed by the extensions of the wing- 
tip trimmers in the down position. Similarly, the analysis 
indicated that the reduction in diving tendency obtained 
when the extensions of the wing- tip trimmers were linked 
to either the rudders or. the ailerons can be attributed 
to a positive pitching moment produced by the differental 
deflections of the extensions. 

Recommended recovery technique from erect spins . - The 
standard technique for recovery from erect spins consists 
of reversal of the rudders followed appro xi-.nately 1/2 turn 
later by movement of the stick forward (reference V) • 
Ailerons are maintained at neutral. Inasmuch as the XP-55 
airplane will not nose down into a dive until the stick is 
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moved nearly full forward, the altitude lost during the 
spin recovery will be unnecessarily increased if the 
standard recovery technique is employed. In order to 
increase the rapidity of the nosing down of the airplane 
and thereby decrease the altitude lost during recovery, 
it is strongly recommended that the stick be moved full 
forward or released longitudinally (to permit it to move 
forward towards the stop) simultaneously with reversal of 
the rudders. In addition, the pilot should take nut ion 
to prevent a movement of the ailerons in a direction 
against the spin in order to avoid the violent oscillations 
associated, with aileron-against deflections. 

Inverted spins .- The results of inverted spin tests 
for the clean condition, normal loading, are presented 
on chart 7. The model was slightly asymmetrical for 
these tests but, as for the erect spins, the same general 
effects of control settings were observed for both spin 
directions. It is to be noted that the order used for 
plotting the data for the inverted spins is different from 
that used for the erect spins. For inverted spins, 
'‘controls crossed" (right rudder pedal forward and stick 
to left for spins to pilot's right) for the developed 
spin is given to the right of the chart and stick back is 
at the bottom. When the controls are crossed in the 
established inverted spin, the ailerons aid the rolling 
motion; when controls are together, the ailerons oppose 
the rolling motion. The angle of wing tilt on the chart 
is given as up or down relative to the ground. 

The inverted spins were flat and oscillatory as were 
the erect spins. The magnitude of the oscillations in 
both pitch and roll, however, was generally greater than 
that for the erect spins. Rapid full rudder reversal 
satisfactorily stopped the spin rotation for all control 
configurations, but the model remained at a flat attitude 
thereafter when the stick was forward or neutral longi- 
tudinally. When, however, the stick was back or free 
(the stick floated, at or near the full back stop) 
longitudinally, the model nosed over into a steep dive 
immediately after rudder reversal stopped the spin 
rotation. 

The motion of the model when the controls were 
together was similar to the motion previously described 
for erect spins with the ailerons against tlie spin. For 
the reasons previously noted, for erect aileron-against 
spins, it is recommended that developed inverted spins 
with controls together be avoided on the airplane. 
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The results of the Inverted.- spin tests also were 
generally consistent with the results of the longitudinal 
trim tests presented in reference 1 » 

Recommended recovery technique from inverted spins . -• 
In order to avoid undue loss of altitude during recovery, 
it is r ecommended that the stick be moved full back or 
released longitudinally simultaneously with reversal of 
the rudders when recovery is being attempted from an 
inverted 3pin. 


Landing Condition 

Test results for erect spins with the model in the 
landing condition and with flaps alone and landing gear 
alone extended are presented on charts 3 and 9. A 
comparison of the results presented on chart 3 for the 
landing condition and for the clean condition shows that 
the spins in the landing condition were generally similar 
to the spins in the clean condition when the stick was 
full forward, neutral, or full back. When the stick was 
free, the spins in the landing condition were somewhat 
steeper than spins in the clean condition. The model 
stopped rotating shortly after the rudders were reversed 
fully and rapidly for all control configurations. When 
the stick was forward or free longitudinally, the model 
nosed down into a dive more rapidly after the spin rotation 
stopped for the landing condition, or when landing gear 
alone was extended, than for the clean, condition* 

The increase in rapidity in nosing down when the flaps 
and landing gear were extended may be explained on the 
basis of an increased negative pitching moment. The 
results of these tests are in general agreement with the 
results of the longitudinal-trim tests presented in 
reference 1 . 

Recommended recovery technique from spins in the 
landing condition .'- The technique previously recommended 
for recovery from erect spins in the clean condition 
should be followed when attempting recovery from spins 
in the landing condition. The flaps and landing gear 
should be retracted as soon as. the airplane begins to 
dive 
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Control Forces 

The discussion of the results of the spin tests has 
been based on control effectiveness alone without regard 
to the forces required to move the controls. For all 
tests, sufficient force was applied to the rudders to 
reverse them fully and rapidly. The pilot must supply 
sufficient force to the rudder pedal to move the rudders 
in a similar manner in order for the model and airplane 
results to be similar. Although the force required to 
fully reverse the rudders on the model during the spin 
was not measured, it is believed that, because of the low 
rate of rotation in the spin and the high angle of attack 
of the airplane, the pilot will encounter little difficulty 
in rapidly reversing the rudders on the airplane. 

The elevator on the airplane will float at or near 
the full-up (with respect to the ground) stop when the 
airplane is in a spin, and on the basis of information 
furnished by the manufacturer, it appears that the pilot 
will be unable to move the elevator from this position. 
Inasmuch as this is. the elevator position that the model 
tests have shown to be conducive to rapid nosing down 
after rudder reversal stops the spin rotation, however, 
it will not be necessary for the pilot to move the 
elevator from this position for spin recovery. 


CONCLUSIONS AND RECOMMENDATIONS 


Based on the results of spin tests of a 0.059-scale 
model of the XP-55 airplane, the following conclusions 
and recommendations are made regarding the spin and 
recovery characteristics of the airplane at an altitude 
of 10.000 feet. The conclusions apply specifically to 
the XP-55 airplane modified to improve longitudinal- 
trim characteristics by the installation of a large 
elevator with deflections of ±60° and installation of 
large wing tips with extensions of the wing-tip trimmers 
as recommended by the NACA. 

1. The spins for all control configurations and 
loadings will be flat and oscillatory. The spin rotation 
will stop shortly after rapid full reversal of the rudders 
for all control configurations. 
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2. Spins with ailerons deflected against the spin 
will he violently oscillatory and should he avoided on 
the airplane. 

3. When the stick is neutral longitudinally or 
hack, the airplane will remain at a flat erect attitude 
after the rotation stops. The airplane will nose down 
into a steep dive after the rotation stops, however, when 
the stick is forward or free longitudinally. 

4. Moving the center of gravity forward, decreasing 
the mass distribution along the fuselage, deflecting the 
flaps and extending the landing gear, or linking the 
extensions of the wing-tip trimmers with the elevator 
will increase the rapidity with which the airplane noses 
down into a dive after the spin rotation stops. 

5. Moving the center of gravity rearward or linking 
the extensions of the wing-tip trimmers with the rudders 
or ailerons will decrease the tendenc 7 / of the airplane to 
dive after the spin rotation stops. 

6. The recommended recovery technique from erect 
spins is rapid full reversal of the rudders accompanied 
by either full forward movement or release 'longitudinally 
of the stick. 

7. The recommended recovery technique from inverted 
spins is rapid full reversal of the rudders accompanied 
by full rearward movement or release longitudinally of 
the stick. 

Langley Memorial Aeronautical Laboratory 

National Advisory Committee for Aeronautics 
Langley Field, Va. 
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TABLE I.- DIMENSIONAL CHARACTERISTICS OP THE CURTISS- WRIGHT XP-55 AIRPLANE 


Length over all, ft . 
Propeller diameter, ft 


29.58 

10.0 


Wing; 

Span, ft . „ . . 

Area, sq ft 

Section, root 

Section, tip . . 

Root chord incidence, deg . 

Tip chord incidence, deg ....... 

Aspect ratio 

Sweepbaclc at 25 percent chord line, deg 
Dihedral at 25 percent chord line, deg 

Taper ratio 

Mean aerodynamic chord, in 

Leading edge of M.A.C. rearward of 

leading edge of root chord, in. . . . 
Leading edge of root chord rearward 
of nose of airplane, ft 


With large wing tips 
....... I4.1 .02 

215.2 

. . . c-w 6500-0015 
. . . c-w 6500-0015 
....... 1^. , 25 


67 it 


62.88 


n .23 


With small wing tips 
iiO.57 
208.3 
c-w 6500-0015 
c-w 6500-0015 

1+.25 

0.75 

7.91 

28.5 

k-5 

3.88 

67.69 

61.08 


11.23 


Ai lerons • 

Area rearward of hinge line, percent of wing area (with large wing tips) . . 

Span, percent of wing semispan (with large wing tips) . 

Chord, percent of wing chord .... 


M 

20.0 


Flaps • 

Type 

Chord, ft 

Span, percent of wing semispan (with large wing tips) . 


Split 

1.11 

31.72 
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TABLE I.- DIMENSIONAL CHARACTERISTICS - Concluded 


Large horizontal tail surfaces* 

Total area, sq ft 

span, ft 

Distance from normal center of gravity to elevator hinae * line ’ft 
Tab chord, percent elevator chord .......... ^ ' ’ . 

Snail horizontal tail surface; 

Total area, sq ft . . . 

Span, ft 

Vertical tail surfaces; 

Total exposed area, sq ft . 

Pin area forward of hinge line, sq ft . ! ’ " 

Rudder area rearward of hinge line, sq ft 

Rudder area, percent of exposed vertical taii area” ] [ 

Over-all height, ft ................ _ * 

J-L spect ratio , 

Distance from normal center of gravity to rudder hinse line ft 
Distance from rudder hinge line to plane of sjmmetryT ft . ; ; ; 


21.52 

11.31 

15.95 

25.00 


I8.63 

8.92 


27.80 

lij..80 

13.00 

46 . 8 O 

4*58 

1.57 

7*97 

16.50 
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TABLE II 


CONDITIONS OF THE CURTIS 3- WRIGHT XF-55 MODEL INVESTIGATION IN fpS 

20 -FOOT FREE- SPINNING TUNNEL 


X 

No. 

Configuration 

Loading 

(a) 

Type of 
spin 

Landing 

gear 

Flaps 

(deg) 

Extensions of 
wing -tip 
trimmers 
(b) 

Data 

on 

chart 

1 

Clean 

Normal 

Elect 

Retracted 

0 

Neutral 

2 

2 

-do 

A 

do 

do 

0 

do 

3 

’Z 

KJ 

do 

B 

do 

do 

r\ 

do 

'Z 

o 

4 

do 

C 

do 

do 

0 

do 

4 

5 

do 

D 

do--- 

do 

0 

do 

4 

6 

do 

Normal 

do 

do 

0 

TT 

g 

7 

do 

— do-- 

do 

do 

0 

F 

6 

8 

do 

— do— 

do 

do——— 

0 

G 

0 

9 

do 

--do — 

Inverted 

do 

0 

Neutral 

7 

10 

Landing 

--do-- 

Erect 

Extended 

45 down 

do 

8 

11 

Flap down 

— do — 

do 

do 

Retracted 

Extended 

45 down 
0 

J 


q i 

12 

i 

Landing gear 
extended 

--do-- 


y 

9 i 


a. Loading: 

A. Ix and l£ increased by 60 percent of Iy. 

B. Iy and I- decreased by 20 percent of Iy. 

C* Center of gravity 7 percent of mean aerodynamic chord forward 
of normal. 

D. Center of gravity 8 percent of mean aerodynamic chord rearward 

of normal. 

b. Extensions of wing-tip trimmers: 

F. Linked with the ailerons. 

G . Linked with the rudders. NATIONAL ADVISORY 

E. Linked with the elevator. COMMITTEE FOR AERONAUTICS 
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TABLE III. - MASS CHARACTERISTICS AMD INERTIA PARAMETERS FOR THE LOADINGS TESTED ON THE CURTISS- WRIGHT XP-55 MODEL 
[Model values are presented In term* of full-ecelc values; moments of inertia are about center of gravity] 


Number 

Loading 

Weight 

(pounds) 

Center- 
_ltt 

of- gravity 
patio n 

Moments of inertia 

Mass parameters 

( Sea 
level) 

/* 

(10,000 

feet) 

x/o 

z/o 

lx 

(Slug- 

feet 2 ) 

*Y 

(Slug- 

feet 2 ) 

H 

(Slug- 

feet 2 ) 

I X ” I Y 
mb 2 

I Y “ l 1 
mb 2 

I Z *“ I X 
mb 2 

1 

Normal 

7717 

0.118 

-0.019 

4120 

10,896 

14,712 

-168 xlO* 4 

-85 x 1CT 4 

263 x ID* 4 

11.52 

15.61 

2 

IX and 1- L increased 60 per- 
cent of lx 

7906 

0.099 

-0.008 

6639 

11,916 

18,476 

-128 x 10 -4 

-159 x kT 4 

287 x 10" 4 

11.80 

15.99 

3 

Iy and 1^ decreased 20 per- 
cent Of Iy 

7851 

0.109 

-0.008 

5657 

8651 

14,270 

-73 x 10* 4 

-137 x ID* 4 

-4 

210 x 10 

11.72 

15.88 

4 

Center of gravity moved 

forward 7 peroent of M.A.C. 

7811 

0.048 

-0.012 

5063 

12,672 

17,718 

JB6 x l(f 4 

-124 x lCT 4 

310 x 10" 4 

11.66 

15.80 

5 

Center of gravity moved rear- 
ward 8 percent of M.A.C. 

7835 

0.202 

-0.016 

4542 

9860 

14,255 

-130 x 10~ 4 

-107 xllT 4 

237 x 10“ 4 

11.70 

15.84 
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TABLE IV. - MASS CHARACTERISTICS AND INERTIA PARAMETERS FOR VARIOUS LOADINGS POSSIBLE ON THE CURTISS- WRIGHT XP-55 AIRPLANE 

[Moments of inertia are about center of gravity 


Number 

Loading 

Weight 

(pounds) 

Center-c 

loc 

)f- gravity 
sation 

Moments of inertia 

Mass parameters 

( Sea 
level ) 

(10,000 

feet) 

x/c 

z/o 

(Slug- 

feet*) 

(Slug- 

feet 2 ) 

I Z 

( Slug- 
feet^) 

I X - I Y 

1 Y ~ I Z 

Z Z - lx 

— rs — 

mb 

mb 2 

mb 2 

6 

Normal 

7717 

0.117 

-0.019 

4300 

11,515 

15,095 • 

-179 x 10” 4 

-89 x icr 4 

268 x 10" 4 

11.52 

15.61 

7 

Maximum increase in 
lx and Iy possible 

8424 

0.123 

-0.024 

5707 

11 0 722 

16,235 

-137 x 10" 4 

-103 x 10“ 4 

240 x 10 “ 4 

12.58 

17.04 

8 

Maximum increase in 
Iy and 1^ possible 

8582 

0.118 

-0.021 

5702 

11,827 

16,471 

-137 x 10~ 4 

-103 x 10“ 4 

240 x 10“ 4 

12.81 

17.35 

9 

Maximum decrease in 
IY and Ij possible 

6378 

0.316 

-0.006 

4269 

8449 

12,027 

-125 x 10 ~ 4 

-107 x 10" 4 

232 x 10“ 4 

9.52 

12.90 

10 

Maximum increase in Iy 
and iz and maximum 
uecrease, in Iy and 
I* possible 

7085 

0.303 

0.041 

5620 

8632 

13,295 

-81 x 10 " 4 

-126 x 10“ 4 

007 x 10" 4 

10.58 

14.33 

11 

Most forward oenter- 
of-gravity location 
possible 

7732 

0.105 

-0.018 

4298 

11,531 

15,141 

-179 xlO -4 

—89 x 10“ 4 

268 x 10~ 4 

11.54 

15.64 

12 

Mo st rearward center* 
of- gravity location 
possible 

6519 

0.321 

-0.010 

4257 

8479 

12,081 

-124 x 10" 4 

-106 x 10“ 4 

230 xlO" 4 

9.74 

13.19 
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CHART 1.- KEY AND FOOTNOTES FOR CHARTS ON SPIN CHARACTERISTICS OF XP-55 MODEL 

KEY 


oc 

( deg ) 

0 

( deg ) 

V 

( f ps ) 

n 

( rps ) 

Turns 

recove 

for 

fry 

Path of fuselage 
reference line 
after rotation 
stops 


Model values converted to corresponding full-scale values 
U Inner wing up 
D Inner wing down 

—*■ Model glided forward at a flat attitude for a short 
distance before hitting safety net. 

•- Model glided forward at a flat attitude for an 

appreciable distance before hitting safety net. 

— i Model glided forward at a flat attitude for a short 
" distance and then nosed down into a steep dive. 

I Model nosed down into a steep dive immediately after 
" the spin rotation stopped. 


FOOTNOTES 


a Oscillatory spin; range of values or average value given. 

^Violently oscillatory in pitch and roll. 

c Amplitude and violence of oscillations in pitch and roll 
progressively increased until model pitched and/or rolled 
inverted. The oscillations and the pitching and/or roll- 
ing erect-inverted, etc., continued until the model hit 
the safety net. 

d Too oscillatory in pitch and roll to test completely. 

e Model yawed in a circle of extremely large radius at a large 
angle of attack. Rotational velocity was low. 

^Recovered in a wide spiral glide. 

^Wandering spin. 

^Steady oscillation in pitch. Model appeared to gallop. 

i Model went into an inverted spin after a short vertical dive. 

^High rate of descent. Model executed one violent oscillation 
in pitch per turn of spin. 

^Too wandering to test completely. 

“Very steep, smooth spin with too wide a radius of spin to test 
completely . 

n Pitched into an inverted flat attitude after short vertical 
di ve . 

PVisual estimate . 
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CHART 2.- EFFECT OF CONTROLS ON THE SPIN CHARACTERISTICS OF THE XP-55 MODEL 

[Normal loading; cockpit closed; landing gear retracted; flaps neutral: extensions of wing-tip trimmers at 0°; recovery by rapid full rudder reversal 
(recovery attempted from, and steady-spin data presented for, rudder-full-wi th spins); erect spins; direction of spin as indicated] 


Spins to pilot's right 

(Loading 1 or. table III and point 1 on figure 7) 


90 

6U 

74 

8D 

182 

. 19 

2 


i 

r 

— - 


Two conditions possible 
a, b c 


95 

59 

9U 

17D 



182 

. 15 

No 

spin 

1 

2 





Ailerons 

full 

against 


(Stick left 




No 

spin 




74 

12U 

18D 

182 

. 19 

1 



a 

Stick 

full 

back 

91 

71 

22U 

5D 

171 

.21 

1 



a , 

Stick 

full 

for- 

76 

58 

19U 

12D 

174 

.26 


88 

18U 

62 

19D 

171 

ro 

0 

1 


T 

— 


Ailerons full 
with 


(Stick right) 




171 

. 13 

1 

2 

- 








No 

spin 




73 

18U 

62 

7D 

171 

.20 

1 

1 

2 * 

4 

* T 


97 

66 

6U 

18D 

171 

.21 

1 , 

* 


1 

a 


83 

10U 

57 

15D 

166 

.21 


Spins to pilot's left 

(Loading 1 on table III and point 1 on figure 7) 


82 

54 

10U 

6D 

179 


J 

L 

> 

- 

a, b 

94 

55 

2U 

171 

.11 


Ailerons full 
against 


(Stick right) 




No 

spin 



c 



No 

spin 


66 

54 

9U 

12D 

171 

. 13 

JL JL 

4 ’ 4 




j. 

Stick 

full 

back 

86 

69 

13U 

15D 

171 

.11 

1 1 
4 » 4 

- — 

c 

Stick 

full 

for- 



No 

s pin 




73 

62 

12U 
1 2D 

171 

. 15 

1 

4 ’ 

JL 

4 




Ailerons full 
wi th 


(Stick left) 


97 

19U 

64 

24D 

161 

.09 

1 

1 

4 1 

4 



— 


Two conditions possible 
d 


74 

61 

10U 

7D 



171 

. 16 


Spin 

b 1 


1 I 



Two conditions possible 




No 

s pin 




79 

52 

11U 
2 ID 



185 

. 16 

No 

spin 

JL 

4 
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[Loading as indicated 


CHART 3.- EFFECT OF MASS DISTRIBUTION ON THE SPIN CHARACTERISTICS OF THE XP-55 MODEL 

; cockpit closed; landing gear retracted; flaps neutral; extensions of wing-tip trimmers at 0°* recovery by rapid full rudder rev 
(recovery attempted from, and steady-spin data presented for, rudder-full-with spins); right erect spins] 


ersal 


Mass extended along wings 

( I x and I z increased by 60 percent of I x , loading 2 on table III and 

point 2 on fi gure 7 ) 
e 




No 

spin 




Ailerons full 
against 


(Stick left) 




No 

spin 



a, b 

Stick 

full 

back 

92 

72 

58U 

75D 

182 

.09 


71 

2D 

58 

33D 

190 

.17 

1 

1 

2' 

2 

- 

— 


Two conditions possible 
f a 




74 

41 

10U 

1 id 

No 

spin 

182 

. 11 






Ailerons full 
wi th 


(Stick right) 


f 

Stick 

full 

for- 



No 

spin 




Two conditions possible 


Two conditions possible 
a f 




No 

spin 




68 

52 

16U 

9D 



182 

.18 

No 

8 pin 

1 


1 




28U 

75 

10U 

70 

25D 

47 

17D 

182 

. 16 

177 

. 15 

3 


: 

L 

4 

? 

-► 

-► 

1 

8 




78 

17U 



58 

25D 



185 

. 18 



f 2, 

fg T 



Mass retracted along fuselage 

( I y and l Z decreased by 20 percent of I Y , loading 3 on table III and 
point 3 on figure 7) 


89 

55 

50U 

25D 

190 

.23 

3 

4 

— 




No 

spin 




c, i 




No 

spin 




87 

30 

38U 

38D 

179 

• 0 

CO 

1 

2 



a, b 


96 

60 

56U 

67D 

183 

.17 


a., h 


a, h 


72 

13U 

57 

7D 

179 

.24 


L 


2 

1 


73 

60 

20 D 
41D 

174 

.19 





a, h 


77 

22U 


77 

32U 

56 

3 ID 


60 

20D 

177 

.23 


174 

.25 

1 


1- 

1 

4 

i 


1 




Spin 
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CHART 4.- EFFECT OF CENTER-OF-GRAV I TY LOCATION ON THE SPIN CHARACTERISTICS OF THE XP-55 MODEL 

[center-of- gravity location as indicated; cockpit closed; landing gear retracted; flaps neutral; extensions of wing-tip trimmers at 0°; recovery by 
full rudder reversal (recovery attempted from, and steady-spin data presented for, rudder- full-wi th spins); right erect spins] 

CONFIDENTIAL 


Center of gravity 7 percent of M.A.C. forward of normal 
(Loading 4 on Table III and point 4 on figure 7) 




No 

spin 






No 

spin 




Ailerons full 
against 


(Stick left) 


73 

21 

21U 

18D 

174 

. 13 

L 

4 



a 

CO ^ ^ 

85 

48 

50U 

42D 

171 

.20 


75 

30 U 

63 

12D 

177 

o 

CM 

•j 

L , 

2. 

2 5 

4 

— 






No 

spin 




Ailerons full 
wi th 


(Stick right) 



Stick 

full 

49 

39 

8U 

6D 

203 

. 19 

1 1 
2 2 

_L_i_ 


Two conditions possible 


84 

55 

19U 

14D 

r~i — 


177 

. 22 

Spin 


1~, 1 ^ 
2 2 


* * 



Two conditions possible Two conditions possible Two conditions possible 

h 


57 

41 

22U 

0 



204 

. 18 

No 

spin 






73 

11U 

52 

1U 

50 

7D 

37 

15D 

177 

.22 

206 

.21 

1 

1 

* 

1 


76 

43 

0 

14D 

44 

13U 

6D 

182 

.20 

208 

. 17 

iL 

4 


1 



Center of gravity 8 percent of M.A.C. rearward of normal 
(Loading 5 on Table III and point 5 on figure 7) 




No 

spin 



c 



No 

spin 


93 

64 

42U 

47D 



185 

.22 

Spin 


3_ 



4 



^ 





No 

spin 





102 

39U 

61 

44D 

171 

. 16 

1 


2 



e 



No 

spin 
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CHART 5.- EFFECT OF LINKING THE EXTENSIONS OF THE WING-TIP TRIMMERS WITH THE ELEVATOR ON THE SPIN CHARACTERISTICS OF THE XP-55 MODEL 

[Normal loading; cockpit closed; landing gear retracted; flaps neutral; extensions of wing-tip trimmers as indicated; recovery by rapid full rudder 
reversal (recovery attempted from, and steady-spin data presented for, rudder- full-wi th spins); right erect spins] 


Extensions of wing-tip trimmers linked with the elevator. 

2 to 1 deflection ratio between the elevator and the extensions. 


Extensions of wing-tip trimmers fixed at neutral 




No 

spin 






No 

spin 




Ailerons full 
against 


(Stick left) 


92 

54 

44U 

47D 

189 

.21 





3 . 




No 

spin 




Ailerons full 
with 


(Stick right) 


i 

Stick full 
forward 

87 

60 

31U 

3U 

174 

.18 

i. ii 

4 

l l 


a, g. 

h 

92 

23U 

53 

22D 

171 

.18 

\ 

3 

2 ' 

7 

1 J 
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CHART 6.- EFFECT OF LINKING THE EXTENSIONS OF THE WING-TIP TRIMMERS WITH THE AILERONS AND WITH THE RUDDERS 

ON THE SPIN CHARACTERISTICS OF THE XP-55 MODEL 

[Normal loading; cockpit closed; landing gear retracted; flaps neutral; extensions of wing-tip trimmers linked as indicated; recovery by rapid full 
rudder reversal (recovery attempted from, and steady-spin data presented for, rudder- full-wi th spins); right erect spins] 


Extensions of wing-tip trimmers linked with the ailerons, 1 to 1 de 
flection ratio between the ailerons and the extensions. 




No 

spin 




Ailerons full 
against 


(Stick left) 


94 

63 

29U 

31D 

171 

.17 

1 

2 

— 




No 

spin 






No 

spin 


Ailerons full 
with 


(Stick right) 


I T) 
HUIx 

2 3 £ $ 


Two conditions possible 
a, b d 


78 

59 

liu 

24D 



174 

. 18 

Spin 


1 






a. 

b 


71 

2U 



56 

16D 



174 

. 17 



1 

± 



4 * 

2 



— 




Extensions of wing-tip trimmers linked with the rudders, 1 to 1 de- 
flection ratio between the rudders and the extensions. Right extension 
is up when rudders are right. 




No 

spi n 






No 

spin 






No 

spin 






No 

spin 



d. P. 


81 

71 

1U 

43D 

171 

00 

o 


e 




No 

spin 



e 



No 

spin 




ur~ 

12U 

11D 

182 

. 12 


i 


4 

** 

a 

88 

38U 

60 

13D 

189 

. 12 




No 

spin 




Two conditions possible 


74 

41 

2U 

14D 



198 

.16 

No 

spin 
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CHART 7.- INVERTED SPIN CHARACTERISTICS OF THE XP-55 MODEL 

^Normal loading; cockpit closed; landing gear retracted; flaps neutral; extensions of the wing-tip trimmers at 0°; recovery by rapid full rudder reversaj. 
(recovery attempted from, and steady-spin data presented for, rudder-full-wi th spins); direction of spin as indicated; inverted spin0 


Spins to pilot's right 

(Right rudder pedal forward for steady spin. Left rudder 
pedal moved forward for recovery) 




No 

spin 






No 

spin 



a, 

b 

79 

4U 

46 

18D 

182 

. 16 

1 

1 

2 * 

4 


- 


75 

15U 

58 

1 ID 

176 

. 17 

1 

1 

4 ' 

2 




63 

6U 

174 

. 15 

JL 

2 



111 

281) 

Stick full 

85 

161) 

Stick full 

86 

12U 

74 

40D 

ri ght 

66 

29D 

left 

64 

6D 

166 

. 18 


169 

. 10 



171 

. 13 

1 

Jl 


J 


o 



4 ' 

2 


2 




> 



— 


— 

•H 


— 




No 

spin 




90 

25l» 

57 

18D 

176 

.19 

1 

2 

) 

* 




No 

spin 



a 

75 

45 

121/ 

10D 

193 

.21 


4 


Spins to pilot's left 

(Left rudder pedal forward for steady spin. Right rudder 
pedal moved forward for recovery ) 




No 

spin 






No 

spin 




Stick full 
left 




No 

spin 

— — 





No 

spin 




85 

69 

33U 

25D 

176 

.13 

-2. 

4 



‘ 

a 


101 

57 

50U 

54D 

182 

.18 


Stick full 
ri ght 


Three conditions posoibli 


75 

59 

23U 

20D 

171 

. 15 

1 


> 



a 

78 

17U 

67 

45D 

167 

. 14 




86 

55 

25U 

13D 



Spin 


174 

. 18 

No 

spin 


P 1 P 3 
2 4 



1 ! 



Two conditions possible 
d 


73 

51 

13U 

14D 



176 

.20 

Spin 




1 



78 

45U 

47 

4 2D 

174 

. 17 

1 

3 

2 ' 

4 

1 1 


81 

17U 

68 

15D 

176 

.22 

1, 



£ 

1 1 
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CHART 8.- EFFECT OF FLAPS AND LANDING GEAR ON THE SPIN CHARACTERISTICS OF THE HP-55 MODEL 

[Normal loading; cockpit closed; landing gear and flaps as indicated; extensions of wing-tip trimmers at 0°: recovery by rapid full rudder reversal 
(recovery attempted from, and steady-spin data presented for, rudde r- full-wi th spins I; right erect spinsj 
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Clean condition (Flaps neutral, landing gear retracted) 
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CHART 9.- EFFECT OF FLAPS AND LANDING GEAR ON THE SPIN CHARACTERISTICS OF THE XP-55- MODEL 
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Figure 1.- Drawing of the 0.059-scale model of the Curtiss- 
Wright XP -55 airplane as tested in the free-spinning 
tunnel. Wing root incidence, 4.25°, leading edge up. 

Tip chord incidence, 0.75°, leading edge up. Center-of- 
gravity location shown is for the normal loading with 
the landing gear retracted. Large elevator and large 
wing tips with extensions of wing-tip trimmers installed. 
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Figure 2.- Leading-edge wing-root 
0. 059-scale model of the XP-55 
spinning tunnel. 


spoilers removed for tests of 
airplane in the 20-foot free- 
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Figure 6.- The 0.059-scale model of the XP-55 airplane as 
tested in the 20- foot free- spinning tunnel in the clean 
and landing conditions. 
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Figure 7. -Inert to parameters fbr loadings possible 
or? the XPSS o/rp/ane and for the food mgs 
tested on the XP-dJ / model . (At ambers 
refer to /codings listed m tobies T7T and IP ) . 
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Figure 8.- Typical spin 
the XP-55 airplane, 
sec ond . 


of the 0.059-scale model of 
Camera speed: 64 frames per 
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Figure 9.- Typical motion of the 0.059-scale model of 
the Xr-55 airplane with ailerons full against the 
spin, rudders full with the spin, and the stick 
forward or free longitudinally. Camera speed: 64 

frames per second. 






